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A B S T R A C T
Increasing cost of generating energy through conventional sources coupled with environmental pollution con-
cerns has led to the need to find more sustainable, clean and cheaper sources of energy generation. This paper
evaluates two forms of energy: nuclear and solar energy for developing countries with a case study on Ghana.
The research found out that Ghana like other several other developing countries have the opportunity to reduce
their cost of electricity significantly should any of the under studied technologies be deployed. Obtained LCOE
for the 20 MW modelled Solar power plant (SPP) in Navrongo ranges between 5.74 and 9.41 ¢/kWh for real
discount and annual interest rates ranging between 1 and 25%. LCOEs of 125.53–125.55 $/MWh for discount
rates between 3% and 15%, respectively were obtained for the 1200 MW nuclear power plant (NPP) expected to
be constructed in Ghana. The research concluded with a suggestion that since the NPP project is capital in-
tensive, development of SPP should be given the needed attention in the short to medium term to help build a
resilient economy upon which NPP can be considered in the long term. Some financing models were also sug-
gested for the construction of such capital-intensive projects.
Introduction
Availability of energy remains key to the socio-economic develop-
ment and survival of humans. Traditional sources of energy such as
petroleum, natural gas, coal among others have all played key role in
human development over the years. However, the use of fossil fuel as a
source of energy generation has negative effect on the environment [1].
Emission of carbon dioxide is fast increasing; this has led to an increase
in the earth’s average surface temperature by 0.76°Celsius as a result of
the continual use of fossil around the world [2]. Leadership of various
countries around the globe are left with no option but to explore more
sustainable and clean sources of energy to power their country’s in-
dustrialization and urbanization agenda. The European union in 2007
planned to increase its renewable energy proportion to at least 20% by
2020 as a result of increasing oil prices [3]. Several other countries are
pursuing the renewable energy agenda to help meet their growing en-
ergy demand.
Apart from renewable energy, nuclear power is also an option being
considered among countries as possible replacement to the traditional
sources of energy generation. Several African countries like Ghana,
Nigeria, Egypt, Morocco, Kenya, Niger, Tunisia and Uganda among
others are all currently considering the addition of nuclear energy to
their electricity generation mix [4]. Currently, Ghana has no nuclear
power plant (NPP) despite its possible positive impact on the devel-
opment on the country [5]. Ghana like other African countries is con-
fronted with increasing electricity demand as a result of industrializa-
tion and urbanization among others. Demand for electric power in the
country is estimated to be appreciating at a rate of 10% per annum.
However, existing power plants are unable to operate at full capacity as
a result of fuel supply constraints for the thermal power plants and low
rainfall patterns for the hydro dams [6]. As a result of the prolonged
power crisis the nation experienced during 2012 to 2016, it was
christened “Dumsor” which literally means “off and on”, which in-
dicates the seriousness of the challenge. The situation affected the
Ghanaian people economically, socially, mentally and academically, it
is therefore expedient to diversify the countries sources of energy to
prevent such crisis [7].
The quest to provide sustainable energy through renewable and
nuclear energy sources have huge economic implications. There are
diverse school of thoughts about both technologies, some of these
opinions are: renewable energy has the potential to generate both for-
ward and backward linkages within their host economies; it is also the
view of some that nuclear power is a potential source of economic
development which can be used to conserve political power of non-
democratic countries [8]. However, in as much as both technologies are
viable sources of clean energy, the question is, can the current
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economic condition in African countries support the development of
nuclear energy? This paper evaluates the techno-economic potential of
both nuclear and solar energy for a possible integration into the Gha-
naian and other developing countries’ energy generation mix. It also
evaluates the continent’s economic readiness relative to nuclear energy
development in terms of gross domestic product (GDP). The LCOE
metric was used to analyze the economic viability of both projects and
the impact of such investment on the economy of African countries
using Ghana’s economic conditions as a case study. The objective of this
paper is to provide the techno-economic potentials of these two dif-
ferent technologies in the context of developing countries using their
economic indicators to serve as a reference material for both policy and
decision makers. The research has four main sections, section 1 covers
the introduction and the current electricity situation in Ghana as well as
the history of the NPP project in Ghana, section 2 also covers the
methodology and parameters used for the analysis section 3 presents
the results for the analysis and possible funding options, whiles section
4 covers the conclusion and recommendations.
Usage and composition of electric power in Ghana
Ghana has over 83.24% (50% rural and 91% urban) of its popula-
tion connected to electrical power, second to South Africa in the sub-
region [9]. However, over the last two decades, supply of electric power
has been erratic as a result of either lack of installed capacity or in-
ability of government to purchase fuel to run the installed thermal
power plants as a result of high debt in the sector or both. The nation
has experienced at least three power crises since the year 2000, first in
the year 2002, then 2006–2007 and most recently in 2012–2016. The
situation has been stabilized since 2017 by the purchase of some
emergency power plants by the government of Ghana. The government
has envisioned to add 10% renewables to the energy mix by 2020 [10].
As a result of that, the government of Ghana has made significant effort
towards the integration of solar power into the country’s generation
mix. The country’s largest solar power plant (20 MW) was commis-
sioned and connected to grid in April 2016 [11]. Ghana’s electricity
composition is mainly thermal, hydro and an infinitesimal percentage
from solar. Fig. 1 shows the country’s total installed capacity in terms of
percentage.
Roadmap for Ghana’s nuclear power project
The idea to integrate nuclear power into Ghana’s electricity gen-
eration mix dates back to 1961 when the country’s first president Dr.
Kwame Nkrumah envisioned to do so, however, the idea went into
hibernation after his exit from power. The idea was revived by the
government of Ghana in 2007 due to the country’s recurring power
crisis. A Nuclear Power Committee was inaugurated in May 2007 to
assess the feasibility of adding nuclear energy to the energy mix and
also develop a road map for its development in the country. The com-
mittee after their assessment, recommended that nuclear energy could
play a key role in the country’s energy mix in the future. A road map for
the country’s first 400 MW scheduled to be constructed by 2018 was
launched at the time. It also recommended the formation of the
Presidential Commission on Nuclear Power Development which will act
as the Nuclear Energy Implementation Organization (NEPIO) [13].
Ghana was awarded technical corporation project (TCP) GHA/0/
011 – Establishment of infrastructure for Nuclear Electricity Generation
in Ghana under the auspices of the Ghana Atomic Energy Commission.
A framework for the development of nuclear power was expected to be
developed after a successful execution of the IAEA’s TCP GHA/0/011.
Seven working groups were formed in April 2011 to assist in the
planning of the project. NEPIO was tasked to coordinate the activities of
all stakeholders engaged in the planning of the NPP project. Issues such
as the following were expected to be addressed by the seven working
groups [14]:
• Site selection: the group was expected to assess the potential sites,
evaluate the chosen sites for characterization and final determina-
tion. They were also required to evaluate the national grid and its
interconnection with the West African Power Pool (WAPP) and also
strategize for the operation of nuclear power for the country and
WAPP.
• Techno-economic Evaluation, Financing and Procurement: they
were expected to review the role of nuclear energy in the country’s
future electricity expansion and perform a complete techno-eco-
nomic assessment in that regard. A strategy for funding the project
as well as handling of the spent fuel and its final disposal, man-
agement of the waste and decommissioning of the NPP were all
expected to be assessed by the working group.
• Human Resource Development: human resource is key in the op-
eration of an NPP and the group was expected to undertake as-
sessment of the human resource required at all stages of the pro-
gram.
• Assessment of Technology: the specific technology to be used in the
nuclear power project was also their responsibility, they were also
required to draw a plan for nuclear waste management.
• Legal and Regulatory Frame Work: all legal and regulatory issues
relative to the nuclear power project was expected to be addressed
by the group. A bill for the nuclear power project has been drafted,
the bill proposed the creation of a Nuclear Regulatory Authority to
oversee the licensing of NPP’s and other related facilities. The Bill
has since been submitted to Cabinet for approval.
Nomenclature
LCOE Levelized cost of energy
MW Megawatt
NEPIO Nuclear Energy Implementation Organization
WAPP West African Power Pool
NPP Nuclear Power Plant
RE Renewable Energy
MoEP Ministry of Energy and Power
KfW Kreditanstalt für Wiederaufbau Bankengruppe
ECG Electricity Company of Ghana
PV Photovoltaic
MWh Megawatt hour
¢/kWh cent per kilowatt hour
VVER Water-Water Energetic Reactor
IRR Internal Rate of Return
GDP Gross Domestic Product
Fig. 1. Composition of Ghana’s installed electricity generation capacity [12].
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• Stakeholder Participation: they were expected to develop a com-
munication strategy for the creation of awareness among the
Ghanaian people.
• Management of the Nuclear Power Project: this group were expected
to also develop a framework for the project including activities and
time scales. It is expected of them to also develop the best strategy or
contract for securing an NPP.
A roadmap has since been developed for the construction and
commissioning of Ghana’s first NPP by 2030. The roadmap is illustrated
in Fig. 2.
Renewable energy potential in Ghana
Ghana just like other African countries is endowed with lot of re-
newable energy (RE) resources (solar, wind, mini to large hydro, wave
energy, modern biomass among others) which can be explored for
electricity generation [12]. The government as part of its policy to in-
crease the use of renewable energy, passed the renewable energy Act in
2011 [15]. For a country to successfully integrate renewable energy
into its electricity generation mix, it ought to have a detailed knowledge
of its renewable energy resources and their capacity to deliver the re-
quired energy for which they have been built for or expected to be built
for. This section reviews the solar energy potential of the country.
Use of solar energy and its potential in Ghana
Ghana is located in the tropics where solar radiation is abundant,
the country receives an average solar radiation of 4.0–6.5 kWh/m2/day
and a sunshine duration of 1800–3000 h per year. The northern part of
the country receives the highest solar radiation. Solar energy potential
in the country is estimated to be about 35 EJ (Exajoules) [16].
The state has embarked on a policy to increase the use of solar
energy in the rural areas, the Ministry of Energy and Power (MoEP)
shared close to 15,000 solar systems in rural Ghana which is estimated
to be about 3.2 MW of installed capacity. This was done by the Ghana
Energy and Development Project which was financed by development
partners. A 2.5 MW SPP was also commissioned in 2013 by the Volta
River Authority (VRA), which is connected to the national grid at
Navrongo, as part of VRA’s agenda to increase renewable energy [17].
VRA also plans to build a 12 MW capacity SPP in the Upper West at
Lawra and Kaleo with funding from Kreditanstalt für Wiederaufbau
Bankengruppe (KfW), a German government-owned development bank.
They are also negotiating for a 57 ha land in the Upper East region at
Bongo in their quest to adding 100 MW solar power to the national grid
in the next six years. Some international and national developers have
articulated their interest in developing a utility scale SPP including Blue
Energy who have expressed their intention to build a 155 MW plant in
the Western Region [17]. Table 1 shows the summary of Solar irra-
diation in kWh/m2/day across some cities and towns in the country.
Fig. 3 shows the solar radiation map of Ghana. Table 2 shows the fi-
nancial paramters used for the modelling of the SPP.
Methodology
Case study 1 – Solar energy analysis
The modelling of the SPP was performed using the System Advisor
Model (SAM) software, version 2018.11.11. SAM is a program devel-
oped by the National Renewable Energy Laboratory (NREL) in the
United States of America. It calculates performance and financial me-
trics for different renewable energy technologies [20]. The SAM soft-
ware uses data from NASA to perform its analysis. The software was
used to model a PV power plant for Navrongo in the Upper East of
Ghana located on latitude 10.90° N and longitude −1.10° E. One
characteristic of the selected site is the availability of vast land enough
for the execution of large-scale SPP, the region has a total land area of
8,842 km2 representing 3.7% of Ghana’s total land area [21].
The levelized cost of energy (LCOE) is a criterion used in comparing
two different technologies of different capacities, capital cost, project
size and lifetime. The LCOE is an economic assessment of the entire cost
to construct and operate a power plant during its lifetime divided by the
entire electricity output of the plant during the project’s lifetime. The
Fig. 2. Road map for Ghana’s Nuclear Power Project [14].
Table 1
Summary of solar irradiation for some cities in Ghana [18].
Synoptic Station Ground, kWh/m2/d Satellite, kWh/m2/d % Error
Accra 5.060 5.180 −2.3
Kumasi 4.633 5.155 −11.3
Navrongo 5.505 5.765 −4.7
Abetifi 5.150 5.192 −0.8
Wa 5.520 5.729 −3.7
Wenchi 5.020 5.093 −1.5
Akuse 4.814 5.580 −15.9
Ho 5.122 5.223 −2.0
Kete Krachi 5.280 5.345 −1.3
Yendi 5.370 5.632 −4.8
Takoradi 5.011 5.200 −3.8
Bole 5.323 5.570 −4.6
E.B. Agyekum, et al. Sustainable Energy Technologies and Assessments 37 (2020) 100630
3
Net Present Value (NPV) is also key to the economic viability of a
project. A positive NPV indicates an economically viable project whiles
a negative NPV indicates otherwise. The LCOE and the NPV can be


















where, r is the discount rate, T is the expected lifetime of the plant.
The SAM software estimates both the nominal and real LCOE, the
real LCOE is an inflation adjusted value whiles the nominal LCOE is the
current dollar value. The study used the real LCOE since it is the most
appropriate for a long-term assessment, the nominal value is more ap-
propriate for short-term analysis. The real LCOE takes inflation rate into
account, it removes the inflation effect associated with cost of fuel, O&
M among others. It is a very important metric for assessing the eco-









where, Vo is the present value of a future transaction Vi which may be
either negative or positive.
Solar irradiation
One of the key factors to be considered before the installation of an
SPP is the availability and the intensity of solar radiation, it is the
source of input which is converted into electricity by the modules. The
SAM software modelled the solar resource available at the selected area
and the solar global horizontal irradiance (GHI) is as indicated in Fig. 4.
The rainfall season at the selected area peaks in the months of June,
July and August, and this is what accounts for the fall in solar irra-
diance during those periods as can be seen in Fig. 4.
A conservative discount rate between 10% and 12% is adopted by
the International Energy Agency for the construction of PV systems
[25]. Annual insurance premiums for PV power plants usually ranges
between 0.25% and 0.5% of the total cost of installation for the project
depending on the geographic location of the installation [29].
A mono-crystalline panel type was used in the modelling as a result
of its high efficiency. A mono-crystalline was selected for the following
reasons: it has high efficiency, highly durable, needs a relatively less
space, performs well in warm weather even though its performance
suffers as temperature lowers [30]. The SunPower SPR-E-19-310-COM
module was used for the analysis. Table 3 shows the technical para-
meters used for the modelling in the SAM software. Fig. 5 illustrates the
characteristics of the used module. The SMA America: SC750CP-US
(with ABB EcoDry ultra transformer) inverter was selected for this
analysis.
Fig. 3. Annual average solar radiation Wh/m2/day in Ghana (3-years average)
[15,19].
Table 2
Financial Parameters for the modeling of the solar PV.
Main Financial Parameters Data References
Internal Rate of Return (IRR)
target
11% Info from experts
Inflation rate 2.2% per year [24]
Real discount rate 10% [25]
Nominal discount rate 18.6% per year Calculated by
software
Project Term Debt
Debt fraction 70% of the total
capital cost
Info from experts
Annual interest rate 5% [26]




Tax and Insurance Rates
Sales tax 12% [27]
National income tax rate 25% [28]
Annual Insurance rate 0.5% of the installed
cost
[29]




Installed capacity MW 20
Number of Modules 64,488
Module material Mono-C-Si
Total land area acres 86.6
Number of invertors 22
Total Module Area m2 105,179.9
Degradation rate % 0.5%
Analysis Period years 25
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Jordan and Kurtz [31] reported that nearly 78% of all 2000 studied
power plants had degradation rates below 1%. They found a median of
0.5% degradation rate for all PV technologies, hence the reason for the
selected degradation rate.
Case study 2 – Nuclear power plant (NPP)
This section presents data on the 1200 MW nuclear power plant the
Government of Ghana and ROSATOM intend to construct. The gov-
ernment of Ghana through the VRA, Bui Power Authority (BPA) and the
Ghana Atomic Energy Commission intend to construct a 1200 MW
Russian VVER by 2030 [32]. NPPs have a huge capital cost for the
construction of the first plant in a country, however, the economies of
scale development of supply chain drive down the cost for any sub-
sequent additional power plant [33]. The operational, maintenance and
fuel cost are relatively small components of the entire cost [34]. Con-
struction of an NPP takes a longtime to complete. This does not include
the long period needed for preparations to get the license for such a
facility. The overnight cost and interest during construction period can
be affected by the period of construction [35].
Existing NPPs around the globe have a lifetime of 40 years but can
be prolonged to 60 years at maximum [36]. Construction of a 1200 MW
VVER nuclear power plant is expected to cost between 6 and 9 billion
dollars excluding VAT [37]. A 60-year lifespan for the project was used
for the analysis. This work also assumes a cost of $7 billion for the
construction of Ghana’s NPP excluding VAT and $7.88 billion including
a 12.5% VAT [38], whiles, 24% of the total cost is considered for the
OPEX cost with an 11% discount rate and an assumed ratio of
investment cost of 60% as in Ref [39,40]. The cost of decommissioning
is taken to be 15% of the investment cost [41]. Also, cost of fuel cycle is
assumed to be 16% of the total cost. In the case of the Turkish Akkuyu
VVER NPP, a total of $3.0/MWh is earmarked for the financing of the
management of the waste generated and decommissioning activities
[42]. We assumed a 4-year preparatory time and a 7-year construction
period for the plant to produce its first power in the 12th year of the
project. We assumed a capacity factor of 90% with an operating time of
7800 h, which means the power plant is expected to generate about 7.9
TWh of electricity per year.
Results and discussions
This section evaluates the techno-economic potentials of the two
different power plants and the ability of developing economies to in-
tegrate them into their electricity generation mix. A sensitivity analysis
was also conducted to ascertain the effect of some financial parameters
on the cost-effectiveness of such projects.
LCOE evaluation for NPP
From literatures, the construction time of an NPP between the first
pouring of concrete and commissioning can take as long as 19 years as
in the case of Brazil, 16 years for that of Mexico and 8.5 years in the
case of South Africa among others [43]. This is exclusive of the longer
period needed for preparation to meet the IAEA requirements necessary
for licensing and construction. The construction period is an important
issue that must be factored during a comparative analysis on the eco-
nomic competitiveness of nuclear and solar energy. The LCOE for a
VVER-1200 model was evaluated based on the information provided
above using Eq. (1). An LCOE of 125.53 $/MWh was obtained for
discount of 11%. The obtained LCOE falls within Lazard’s estimated
LCOEs in 2017 which ranges between $112 and $183 per MWh at a
discount rate of 8% [44].
The capital cost of an NPP is key to the total cost of electricity, the
complex (high-technological) nature of building an NPP sometimes
contributes to delays in construction period, and under such situations,
the project is subjected to changes in commodity prices along the
construction periods which could influence the overall cost during the
construction. The overnight cost of an NPP in 2000 was $1729/kW, it
remained relatively static for 6 years and increased to $1802/kW. It
rose to $2874/kW in 2009 and $4567/kW by 2011 [45]. Since then, the
Fig. 5. SunPower SPR-E-19-310-COM module characteristics.
Table 4
Lead-times for the various NPP projects around the world [43].
Country 1976–1980 1981–1985 1986–1990 1991–1995 1996–2000 2001–2005 2006–2010




Brazil 1 132 1 176
Bulgaria 1 87 1 104 1 89 1 113
Canada 4 69 7 98 5 101 2 97
China 3 73 6 60 2 80
Czech Rep 1 74 3 93 1 167 1 191
Finland 4 63
France 13 66 24 68 15 86 3 93 4 124
Hungary 2 112 90
India 1 152 2 154 1 152 3 120 4 122 1 64 3 74
Italy 1 101
Japan 11 61 10 46 8 49 10 46 3 42 4 47 1 53
Pakistan 1 83
Russia 6 74 9 73 4 72 1 109 2 233
South Africa 2 102
Spain 5 112 2 96
Sweden 3 85 4 74
Taiwan 2 64 4 72
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projected costs have stabilized around $4646/kW. The local conditions
in a particular country affects the capital cost. According to the IEA, the
capital cost for NPP in the OECD regions ranges from $2021/kW in
South Korea to about $6215/kW in Hungary. It costs about $1807/kW
and $2615/kW in China for different nuclear projects. The differences
could be associated to labor and commodity costs which are jurisdic-
tional and the construction duration [45].
Table 4 shows a historical overview of NPPs connected to grid in a
five-year period together with the median construction time period for
the reactors in months excluding suspended periods during construc-
tion. Russia have after 2010 operationalized several nuclear reactors
some of which started as far back as 1986 in the case of the Kalinin 4
which was commercialized in 2012. The Rostov 4 reactor which was
commissioned in 2018 was also started in 2010 [46].
LCOE for solar power plant (SPP)
This section also presents an assessment on the current competi-
tiveness relative to the cost of solar PV using the LCOE concept as
widely used in Ref [44,47,48]. From Table 5 the real LCOE for a dis-
count rate of 10% is 7 ¢/kWh for the modelled 20 MW SPP. The ob-
tained LCOE is less than the current average end-user tariff of 15–19
¢/kWh in Ghana [12]. This means, developing solar power on a large
scale has the potential to reduce the cost of electricity for both in-
dustrial and residential users. According to the Energy Commission’s
2018 [12] report, current cost of electricity in Ghana is amongst the
highest in the sub-region. The modelled power plant is expected to
generate about 32,430,662 kWh of electricity in the first year. Ac-
cording to DOE, the average price of utility-scale solar is now below $1
per watt and went under 6 cents per kilowatt-hour in September 2017
which results in a unit capital cost of $1000/kW [49]. Fig. 6 shows the
monthly energy production for the simulation, the month of January
and December recorded the highest energy production due to the high
solar radiation within that period. June, July, August and September as
expected recorded the least energy production due to the rainy nature
of that period. Fig. 7 shows the cash flow from the project after tax
during the 25-year period.
The obtained LCOE is compared with existing LCOEs of power
plants around the world to ascertain the competitiveness of the mod-
elled power plant. Figures from Table 6 indicates that the obtained
LCOE falls within the estimated cost around the world which validates
the selected parameters used for the modelling.
Sensitivity analysis for SPP and NPP
A sensitivity analysis was done to investigate the impact of some
financial parameters such as the annual interest, real discount and
national tax rates on the economic viability of the SPP project. As in-
dicated in Fig. 8, the LCOE for the SPP depends significantly on the real
discount rate and the annual interest rate, however, the national or
federal tax rate have a relatively insignificant effect. The real discount
rate also has a substantial impact on the NPV, as illustrated in Fig. 9, the
viability of a solar power plant at the selected location have a negative
outlook with a real discount rate above 10%.
As indicated in Fig. 10, the effect of the discount rate is minimal on
the LCOE of the NPP, the LCOE largely stayed in a region of 125
$/MWh. Cost of land among other factors could however have a sig-
nificant impact on the LCOE.
Comparative analysis
Ghana’s Gross Domestic Product (GDP) as at April 2019 was US
$68.26 billion. Construction of NPPs comes with huge capital cost. This
is a challenge encountered regardless of geographical location [51].
Countries with NPPs are countries with relatively stronger economic
fundamentals. Though, GDP alone is not a measure of how healthy an
economy is, it is a key indicator of how ready a nation is, relative to
embarking on huge projects which are capital intensive such as the
construction of an NPP. The Ghanaian project may get international
assistance or sponsorship from the Russian State Atomic Energy Cor-
poration (ROSATOM) or other countries such as France and China who
have expressed an interest to help the country to construct an NPP but
as to whether it will be a total funding or a percentage of the total cost,
that is yet to be determined. In a situation where the government of
Ghana is required to provide a percentage of the total cost needed for
the construction it is likely to severely affect the country’s budget.
Ghana has had an average debt to GDP ratio of 57.68% from 1990 to
2017 [52]. The IMF have projected that the country’s debt to GDP ratio
could hit 62% by close of 2019 as indicated in Table 8, this gives the
government little fiscal space to solely finance the cost of a nuclear
power plant at a cost of 7.88 billion USD since it has limited space to
borrow. A high debt to GDP ratio also increases the risks for such huge
investment which scare international investors from investing in the
country.
Ghana’s current installed capacity is more than needed according to
the Energy Commission’s report in 2018 [12]. This clearly indicates that
the country currently consumes below what it is capable of producing.
However, authorities envision a scenario of positioning the country as a
net exporter of electricity in the sub-region. The construction period to
build an NPP up to the time it is operationalized is crucial for its
competitiveness in the electricity market. The construction period can
be lessened if there exist a collaborative atmosphere between govern-
ment, regulators, constructors and utilities.
Whiles the construction of NPPs come with huge cost on the budgets
of nations that build them, solar energy and renewables come at a re-
latively low cost. The VRA commissioned a 2.5 MW solar PV plant at
Navrongo at the cost of 8 million USD [12]. The ministry of energy has
also targeted some potential renewable energy sources across the
country with the estimated cost required for construction as shown in
Table 7. On the face value, the country needs between 100 and 150
million USD to construct a 50 MW solar power plant and per earlier
analysis the least amount of money needed to construct a nuclear power
plant is in the region of 7 billion USD. This means that the least amount
of money required to construct NPP with a 1200 MW in Ghana can
construct about 2333 MW of power from solar power using the Energy
Commission’s $150 million for a 50 MW SPP.
Apportionment of cost risks relative to NPP
Financing of NPPs just like other huge capital-intensive power
projects have changed in the past decade. Interested investors have
capitalized on global capital markets to vary the sources of investments
Table 5
Financial results for the modelled SPP.
Metric Units Value
Annual Energy (year 1) kWh 32,430,662
Capacity factor (year 1) % 18
Energy yield (year 1) kWh/kW 1621
Performance ratio (year 1) 0.75
PPA Price (year 1) ¢/kWh 7.84
PPA price escalation %/year 1.00
Levelized PPA Price (nominal) ¢/kWh 8.37
Levelized PPA Price (real) ¢/kWh 7.06
Levelized COE (nominal) ¢/kWh 8.31
Levelized COE (real) ¢/kWh 7.00
Net Present Value $ 158,864
IRR, % 11
IRR at end of project, % 12.91
Year IRR is Achieved, year 20
Net capital cost $ 23,291,148
Equity $ 10,541,747
Size of debt $ 13,375,401
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which shares the cost and risks among multiple investors [53]. Ac-
cording to Joyner 2014 [54], there are several types of financial
structures for such projects, however, there are fundamentally two
sources of capital which are, equity or debt. Characteristically, such
infrastructural projects utilize both sources to varying degrees. As a
result of the huge cost involve in building nuclear power plants, a
government to government financing is usually used in financing such
projects and as mentioned earlier, the Russian government is likely to
offer financial assistance as they currently doing for countries such as
Vietnam, India and Turkey [55]. The build-own-operate and transfer
(BOOT) option is also an option that is available to the government of
Ghana and other developing countries to consider [56]. This option
transfers the financial, operating risks and profits from the government
to the private or investing partner, it however needs the government’s
intervention and support especially in the area of taxation and
regulation. In that situation, the owners will bear non-operational
economic risks in case of project termination or delay in construction.
The risks are usually spelt out in the contractual agreement between
partners. Other financing options may throw the economies of countries
who find themselves in the case of Ghana into disarray since borrowing
Fig. 6. Monthly energy production for SPP.
Fig. 7. Project after Tax Cash-flow.
Table 6
Projected cost of LCOEs of PV power plants by 2020 around the world [50].
Country IEA (cent/
kWh)
Bloomberg New Energy Finance
(cent/kWh)






China Renewable Energy Committee
(yuan/kWh)
China 9 7.36 – – – 0.6–0.8
Japan 11.47 – 14 – –
India 6.83 – – – –
USA 10 7.06 – – 10 –
Germany – 9.36 12 – – –
Fig. 8. Sensitivity analysis on the real LCOE for SPP.
Fig. 9. Sensitivity analysis on NPV after tax with varying real rate for SPP.
Fig. 10. Sensitivity analysis showing the LCOE for different discount rates for
NPP.
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billions of dollars to implement such projects will increase the debt to
GDP ratio beyond sustainable levels. According to experts, the huge
overnight cost for NPP makes it challenging for developing countries
with a GDP below $50 billion to commit between 5 and 10 US$ billion
for its construction. It is even more challenging with countries with
debt to GDP ratio more than 50% as it can negatively affect the coun-
try’s cost of finance and credit rating internationally. Fig. 11 is the fi-
nancing model trend. Table 8 is the current GDP prices of some selected
African countries according the International Monetary Fund World
Economic Outlook (April 2019).
Standards for Establishment of NPP
The probability of an NPP accident is low but highly lethal when it
happens. In order to avert such accidents, the IAEA has instituted re-
quirements for countries interested in the construction of NPPs to meet
before issuing getting the final certification for construction.
Construction of an NPP requires a site free from earthquakes hence a
special investigation on the geotectonic environment must be con-
ducted with modern engineering equipment to avert any misfortune
[60–64]. Factors which can cause nuclear accidents can be classified
into two namely: external and internal factors, the external factors in-
clude earthquakes, volcanoes, tsunamis and terrorism. Ghana has no
history on volcanoes, tsunamis, terrorism and severe earthquakes. The
country is located on the southeastern margin in the West African
craton which is far away from the main earthquake zones. It has
however, experienced some minor earthquakes recently ranging be-
tween 1.0 and 4.8 on the Richter scale [65]. For the internal factors,
NPPs are designed with high quality construction equipment that can
avert operational instabilities. It operates using a defense-in-depth ap-
proach to prevent any accident that maybe caused as a result of internal
defects. Siting of NPPs also requires a stable political environment not
only in the country but also in neighboring countries since any desta-
bilization in the neighboring countries could affect Ghana as a result of
its porous borders.
According to the IAEA, for a country to safely and successfully in-
tegrate nuclear power into its generation mix, that country must have a
grid system that is approximately ten times the capacity of the intended
nuclear power plant to be constructed [66]. However, Ghana’s total
installed capacity according to the Energy Commission’s 2018 report
[12], stands at about 4,310 MW. This is woefully inadequate for the
intended 1000–1200 MW NPP the country seeks to add to the genera-
tion mix.
The possible effect of these technologies on Ghana’s economic development
Ghana’s current energy crisis can be associated with the lack of fuel
to run the currently installed thermal power plants as a result of the
huge energy sector debt. According to Ghana’s Minister for Finance, Mr.
Ken Ofori Atta “Energy sector debt is a risk to the economy” he
therefore professed a state of emergency in the energy sector, which is
symptomatic of the challenges in the sector. The Minister linked the
cause of the challenge to the take-or-pay contract signed by the erst-
while government [67]. The Energy Commission’s 2018 report was of
the view that, the country needed close to US$905 million to pay for
fuel alone to run its thermal power plants, without which the country
would have been plunged into power crisis. As a result of the nexus
between economic development and access to electrical power, the
country lost huge sums of money during the energy crisis which had a
negative effect on the country. According to the World Bank, Ghana lost
about 1.8% of its GDP in the 2007 electricity crisis. Research also in-
dicates that, the country lost about US$2.1 million each day equivalent
to US$670.8 million in a year in the 2014 national power crisis re-
presenting 2% of GDP [68].
The short- and medium-term effect of power is key to the growth of
an economy, this brings into the discussion the timelines for the con-
struction of both technologies. As indicated in Table 4, construction of
an NPP can take as much as 12 years to be operational this is without
the long period needed for preparation and licensing, it therefore brings
into question the ability of developing economies to integrate this
technology before the 2030 deadline for the Sustainable Development
Goal 7.
Whereas the construction of NPPs takes a longtime to complete,
construction of SPPs even those with capacities greater than 10 MW can
be completed in few months. Research indicates that an SPP with ca-
pacities between 1 and 5 MW can be constructed within 4–5 months.
This includes the following stages [69]:
Table 7
Summary of renewable energy targets by Ghana’s Energy Ministry [17].
Energy source Exploitable potential
(MW)




Small-Medium hydro 150 200–300
Modern Biomass 90 90–150
Total 500 640–900
Table 8
Current GDP of some African countries and their debt to GDP ratio as at April
2019 [58,59].
Country GDP Prices (billions of $) National Debt to GDP Ratio (%)
Nigeria 444.92 30.1







Côte d'Ivoire 45.25 50.9
Libya 44.96 No data
Tunisia 36.20 81.5
Mali 17.83 36.9
Burkina Faso 14.88 42.5
Mauritius 14.81 67.5








The Gambia 1.74 78.7
Comoros 0.73 35.1
Fig. 11. Emerging trends of financing models for NPPs [57].
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• Planning and development – consisting of surveys, initial design,
developing the approach for the site as well as securing the required
approvals.
• System design – this includes shadow analysis as well as deciding on
the optimal placing for the modules, design and layout of the whole
power plant, for both alternating current and direct current sides of
the SPP, and the design for the power transmission to the sub-sta-
tion.
• Procurement of Components – this consists of the procurement of all
necessary components for the power plant such as inverters and
solar panels as well as the balance of systems.
• Construction – it includes the main civil engineering, installation of
the SPP system, installation of the evacuation system and testing of
the system.
The timelines for the construction of these power plants are critical
to the economic development of a country in economic transition, de-
veloping economies such as Ghana are confronted with electrical power
deficit which has slowed development. It is therefore critical for the
developing countries to develop short, medium and long-term devel-
opment plan for the energy sector. Availability of cheap, clean and
sustainable energy is key to the realization of most of the sustainable
development goals set up by the United Nations in 2015. Most African
countries cannot achieve this target by the said deadline if a compre-
hensive energy plan is not drawn. The timelines needed for the con-
struction of an NPP clearly puts it out of the 2030 deadline, it is
therefore needed to explore the continent’s renewable energy options
such as solar energy whose construction can be achieved in few months
to help realize the 2030 deadline.
Countermeasures and recommendations for the development of both energies
in Africa
Strong policies drive investments into countries, it is therefore im-
portant that nations that seek to invest in both renewable and nuclear
power plants, reform their policies to enable competition in the energy
sector. Investors do not finance projects in countries with high risks.
The following suggestions are proposed to both decision and policy
makers to help develop the energy sector:
• Creation of deliberate policies – it is necessary for countries that
intend to integrate nuclear and renewable energy technologies into
their generation mix to design electricity markets that puts premium
on clean energy. The high initial capital required for these projects
necessitates strong policy interventions to protect investments,
Ghana and other developing countries need to direct their attention
towards the removal of measures that serve as barriers to invest-
ments. Policy instruments such as reduction in taxes, feed-in-tariffs
and clean energy portfolio should be applied to such technologies. It
is also important to create a framework that manages risks in the
sector to assure the investor community of a secured investment.
• Support for new projects – delays in construction period for such
projects increases cost, it is therefore incumbent on governments to
reduce the bureaucratic processes needed for documentations and
licensing of these projects whiles still maintaining safety measures.
• Minimization of corruption – Corruption is a major hinderance to
development, and most developing countries on the continent are
faced with this canker. Corruption is a threat to the peaceful use of
nuclear power; it is a key factor to nuclear proliferation even though
it is under-recognized. Managers of the nuclear facility if compro-
mised could handover sensitive (fissile) materials to outsiders which
can affect safety. It could also affect the capital cost of the project
and delays which will affect the cost of energy generation at the end
of the project.
• Promotion of hybrid system – operating a hybrid system in the re-
newable energy sector is an opportunity to compensate for
intermittency in the energy generation system through the use of
other energy generating sources, this could be a combination of
renewable – renewable or renewable – nonrenewable sources.
Research shows that, hybrid power plants in Nigeria could produce
electricity at lower rates than that solely generated from diesel
generators [70]. This is important because from the modelled results
in Fig. 6, energy production falls between the months of May and
September as a result of low solar radiation within the period, hence
the need for a hybrid system to provide the shortfall.
• Increased transparency – investor confidence can be derailed if there
is uncertainty in policy direction and implementation. For example,
frequent policy-reversals as well as irregularities in implementation
can cast doubt on a government’s readiness and ability to transition
towards clean energy [71]. It is therefore important for countries to
develop a consistent energy policy which can withstand political
regime change. Most investors fail to invest in African countries
partly because of fear of discontinuity in policy during political re-
gime change.
Limitations of this research
It is instructive to note that, this current work only considered the
economics and funding capabilities of African countries relative to the
development of both projects. It does not comprehensively access the
level of public acceptance or rejection for both technologies. There are
other factors such as security, safety issues and technical capacity
particularly in the case of nuclear energy which may also be studied in
future works.
Conclusion
This work looks at two possible energy sources for developing
countries with a case study on the Republic of Ghana, that is nuclear
and solar energy. The techno-economic assessment of both technologies
was done using the LCOE metric. From the analysis, the LCOE obtained
from the 20 MW solar power plant modelled ranges between 5 and 12
¢/kWh depending on the real discount, national tax and annual interest
rates. The LCOE for a 1200 MW Russian VVER module ranges between
125.53 and 125.55 $/MWh for discount rates between 3% and 15%,
which indicates that, the discount rate has a relatively insignificant
effect on the LCOE of the NPP. However, there are several factors such
as O&M and cost of land among other key factors that may affect the
LCOE which were not considered in this paper. The greater part of the
obtained LCOE’s for both technologies appears in regions less than the
current end user tariff for the energy generated from thermal power
generators which ranges between 15 and 19 ¢/kWh. The research can
therefore suggest that both technologies are possible but the question is
economic capacity of developing countries to fund such huge projects.
In the case of the NPP, it is clear that even though Ghana’s GDP is a
little over $68 billion dollars, its dept to GDP ratio has been projected to
hit 62% by close of 2019. This makes it difficult for the government to
invest in a single project worth about 6–10% of the country’s GDP, it is
not only peculiar to Ghana but also to majority of African countries. The
government of Ghana and other several countries who fall into the same
category may consider a joint venture agreement for the development
of such technologies. They may also consider Private Financing model
which ranges from corporate to project financing. Even though, nuclear
power is a clean energy option for Ghana and other developing coun-
tries, its cost will have to be reduced significantly in order to compel
investment particularly in developing economies.
However, SPP have a relatively lower construction cost, the
Ministry of Energy for Ghana has budgeted to construct a 50 MW SPP at
a cost which ranges between $100–$150 million, on the face value, the
$7 billion needed for 1200 MW NPP is capable of constructing about
2333 MW power from SPP. In as much as both technologies are viable,
this paper recommends to governments of developing countries
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particular in Africa to invest more in the construction of SPPs in the
short to medium term to help transform their respective economies
since the availability of clean and cheap energy have a direct nexus
with economic transformation and development. Appropriate frame-
work and policies should be enacted to create a conducive financial
environment to promote investment in SPP from the private sector.
Consideration for an NPP in developing countries can be done after a
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